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A. EXECUTIVE SUMMARY
1. Objectives:
The main objectives of this project have been as follows:
- to develop a physics background for scalable solid-state quantum computing,
- to determine fundamental limits on coherence in Josephson-effect qubits, and
- to demonstrate coherently interacting qubits and (possibly) quantum logic gates.

Our main approach was to work toward Josephson-junction flux qubits controlled using either external
video pulses (Stony Brook) and rf pulses (KU). The Stony Brook group also worked on the development
of special SFQ circuits for future advanced quantum computing circuits. The project also included a
substantial theoretical effort directed at both the development of new ideas for quantum computing and
providing support for the experimental work.

2. Major accomplishments:
(i) Qubit experiments at Stony Brook (Co-P.I: J. Lukens)

As with all groups using Josephson effect qubits, our results were severely limited by the presence of
unexpected 1/f flux noise, which was particularly severe in our large area qubit. The discovery of this
noise has forced us to change the focus of our work to an investigation of single qubit noise properties as
they affected coherence.

The main accomplishments and results of this effort are as follows:

e The design and construction or a sophisticated apparatus for the measure and control of flux
qubits that permitted high speed control and readout of the qubit at 5SmK while reducing the effect
of the external environment to negligible levels.

e The development and refinement of technology for the fabrication of qubits and related circuitry
using a niobium trilayer process.

e Measurement of junction properties related to decoherence such as subgap leakage and 1/f
critical current noise. The measured 1/f noise spectral density of junctions fabricated at Stony
Brook is about two orders of magnitude less than that commonly reported.

e The demonstration of coherent operation of a single qubit through the measurement of Rabi
oscillations and Ramsey fringes and the subsequent extraction of related decoherence times
associated with various noise processes.

The design and layout of our qubit along with the associated on-chip control and readout circuitry are
shown in Fig. 1. In addition to the qubit at the lower center of the figures, control coils for g4, which
controls the coupling between qubit states and ¢,, which controls the level spacing of the qubit are shown.
The top parts of Fig. 1a and Fig. 1b show the schematic and micrograph of the magnetometer used for
high speed readout of the state of the qubit. These dual controls allow us to operate the qubit in the flux
basis as originally planned or in what has come to be know as the phase basis using the two lowest
levels in one fluxoid well (Fig.2) .

The results presented below use basis states in the same well, shown in Fig. 2, since the effect of flux
noise on these states is about 100x less than for two levels in different wells. The in-well level spacing is
about 20 GHz or 1K. The measured T, for these level is 20 ns. Figure 3, showing resonant occupation of
|1> vs. level spacing, illustrates the various decoherence processes such as two level fluctuators (seen as
gaps in the occupation) and cavity resonances (bright horizontal line). Finally Fig. 4 shows Rabi
oscillations obtained for a bias away from any of the pathologies seen in Fig. 3. Here the Rabi frequency
is proportional the microwave amplitude as expected (inset) and the decay time is 16.6 ns. This is
consistent with the measure T, above plus and additional decay at the Rabi frequency with Trapi = 25 ns.
These resonant data are not affected by the flux noise. However addition measurement of Ramsey
fringes, off resonant Rabi oscillations and resonant tunneling peaks between wells are. All give a low
frequency flux noise consistent with an rms detuning of o = 2.2 x 10%™". This is far too large for
successful operation of complex gates. So, further development of these qubits will require an
understanding and significant reduction of this noise.
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FIG. 1: a) Schematic and b) micrograph of rf SQUID qubit, readout magnetometer and flux control coils.
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(ii) Qubit experiments in U. Kansas (Co-P.l.: S. Han)

What follows is a list of our major accomplishments of this effort:

For the first time we observed Rabi oscillation in a Josephson tunnel junction phase qubit. The
lower limit of decoherence time, obtained from best-fit of the data to the theoretical prediction of
an unstable system undergoing Rabi oscillations, is about 5 us, which includes the effects of
both relaxation and dephasing.

By measuring flux noise via inhomogeneous broadening of spectral linewidth and/or the width
and shape of macroscopic resonance tunneling peaks in superconducting flux qubits with
inductance ranging from less than 30 pH to greater than 1 nH, with different types of loop
configurations (e.g., magnetometer, 1* order gradiometer, 2™ order gradiometer), and coupling
strength to external bias circuitry and/or environment we were the first to unambiguously show
that low frequency flux noise is the dominant mechanism of decoherence in RF SQUID qubits
and the source of the noise is definitely generated on-chip — from defects in materials
surrounding and/or as a part of the qubit.(e.g., tunnel barrier). Our result, based on
measurement from five flux qubits fabricated by Nb trilayer process, shows that the total flux
noise is proportional to inductance of the qubit (~0.9 m®y/nH).

In collaboration with a D-Wave Systems group we experimentally observed that at degeneracy
point an RF SQUID qubit has minimum tunneling rate (in contrast to the common belief that the
rate should be maximum at degeneracy point). This observation confirmed a theory on MRT
developed by Amin and Averin on macroscopic quantum tunneling. We also used it to quantify
LFFN in our flux qubits.

We have carried out the measurement of T, time between different fluxoid states of an RF
SQUID (and other qubit parameters important for the three-level operation mode, including the
rf-to-qubit coupling constant) using time-resolved measurements of the top level rf-excitation
from one of the bottom levels, followed by its inelastic relaxation into another lower state. This
low level of relaxation, T4 ~ 4 us, is lower than the expected dephasing rate due to other
sources.

We measured the bias and temperature dependence of T, time between fluxoid states that have
clockwise and counterclockwise persistent current. The result clearly shows that at finite
temperature the simple two-level approximation breakdown and one must take into account
occupation probability of excited states.

We have proposed a three-level flux qubits as the possible option for quantum computing. In this
option, switching between two flux states, localized near the corresponding wells of the qubit
potential, is carried out with two (rather than one) rf drives. One of the drives Rabi-transfers the
qubit state to the third, upper energy level (located above the potential barrier), while the second
drive competes the coherent transfer to another lower state. The main advantage of this
approach is that the lower, working energy levels (0 and 1) can be now hidden deeper inside
their potential wells, thus reducing the rate y, of the parasitic incoherent transfer between the
states.

We have made the first proposal to use superconducting qubits coupled to microwave cavity for
quantum information processing and to study fundamental physics such as the strong-coupling
limit of cQED. Samples have been designed and fabricated. Preliminary measurement was
carried out. The result is vegy encouraging. For example, measured quality factor of coplanar
waveguide is greater than 10°.

We have demonstrated macroscopic quantum tunneling in intrinsic Josephson junctions made
from Bi-2212 single crystal. Since Bi-2212 intrinsic junctions tunnel barrier conserves the lattice
structure and chemical composition of the crystal it has much lower defect density than artificially
engineered tunnel barrier. Therefore, it is expected to have much lower low frequency flux and
charge noise which has plagued further development of superconducting qubits for quantum
computation.



(iii) Theoretical work (Co-P.l.: D. Averin)
The main results obtained in this effort are as follows:
e Design and theory of new devices:

- We have suggested and calculated characteristics of a “variable
I (1“2 electrostatic transformer (Fig. 5), a simple single-junction device that
@ || | }—0 allows to control the strength of coupling between charge qubits by
varying the quantum capacitance of a small Josephson junction. The
}A C EJ ability to do this contradicted the commonly held view of impossibility to
B vary the coupling of charge qubit set by their geometric capacitance.
After our work, quantum capacitance of Josephson junctions has found

@ other applications, e.g., for measurements of charge qubits.

- We suggested the general notion of a quadratic quantum detector
which possesses non-trivial quantum-information properties, e.g., can
entangle qubits by measurement, and developed a simple error-
correction scheme for superconducting qubits based on such a
detector.

FIG. 5. The variable electrostatic
transformer.

- We have developed the theory of quantum coherent oscillations in coupled qubits and their weak
decoherence. The theory facilitated experiment on coupled charge qubits.

e Quantum measurements of qubits.

- We have developed the general theory of linear quantum measurements with mesoscopic detectors.
The main conclusion of the theory is the existence of general relation, similar to the Heisenberg
uncertainty principle, between the detector linear-response coefficients which determines the balance
between the detector back-action dephasing of the measured system and acquisition of the information
about the system. This relation shows how close the detector is to being quantum-limited.

- The linear measurement theory was extended beyond the linear regime for an important class of
mesoscopic detectors, scattering detectors. This extension shows that the appropriate measure of the
information acquisition rate is given by the Renyi entropy, not a more conventional Shannon entropy, and
establishes the condition of the quantum-limited operation of a point-contact detector, the most universal
detector for the quantum-dot qubits.

- We have suggested the scattering
(@) qubit detector based on the ballistic motion of
fluxons in Josephson transmission lines
(Fig. 6). The detector should combine

e K B el short response time with quantum-limited
U sensitivity produced by its ability to shield
(b) r(k) x) t(k) the qubit from the resistor noise in SFQ

parts of the circuit necessary for
manipulation of individual fluxons.

>V

FIG. 6. Fluxon scattering detector. *  Dynamics of qubit decoherence.

The decoherence properties of practical qubits
are dominated by the low-frequency noise which is not describable by the standard theory of weak
decoherence. We have developed the appropriate theory [9] of low-frequency decoherence by classical
noise. The theory predicts non-exponential decay of coherence, can be generalized to quantum noise,
and used in further studies of the low-frequency noise in flux-based qubits.




(iv) SFQ/qubit systems (D. Averin, V. Semenov)

The work is this direction was focused on the analysis of challenges faced by interfacing of
superconductor qubits with supporting superconductor circuits. These challenges may be separated into
two groups.

e The first group of problems results from parasitic heating of qubits by energy dissipated in the
support circuits. This problem is exacerbated by a dramatic degradation of thermal conductivities
of most materials (especially dielectrics) at millikelvin temperatures, with thermal conductivity
proportional to T* or T°. This complication is partly eased by a ballistic mechanism of heat
propagation is monocrystal dielectrics, such as silicon. We have developed several SFQ circuits
with dramatically minimized energy dissipation which have allowed us to experimentally confirm
the correctness of our understanding of the heat flow in superconductor integrated circuits
operating at millikelvin temperatures. Figure 7 shows a layout of one of such circuit (a JJ
comparator), and the measured width of its grey zone as a function of the sink temperature. The
plot shows that above 0.3 K the effective electron temperature of the comparator follows the sink
temperature, but cannot be reduced below 0.2 K.
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FIG. 7. Layout and equivalent circuit of the measured comparator. 0.1 T (K) 1

e The second group of problem is caused by the direct back-action of the support electronics on
qubits. We have shown that these problem could substantially decrease the decoherence time if
the conventional, comparator-like SFQ readout circuits were used. We have suggested a so-
called ballistic readout that allows the back-action to be reduced to fundamental limits defined
solely by the quantum nature of the readout circuitry.

To summarize, we feel that though we could not achieve some project goals (e.g., demonstrate
operational quantum logic gates), our work was a major step forward the understanding the prospects
and problems of superconductivity-based devices and circuits for quantum information processing.




B. PUBLICATIONS

—_

. T. V. Filippov, S. K. Tolpygo, J. Mannik, and J. E. Lukens, Tunable Transformer for Qubits Based on
Flux States, IEEE Trans. Appl. Supercond. 13, 1005 (2003).

2. W. Chen, V. Patel, S. K. Tolpygo, D. Yohannes, S. Pottorf, and J. E. Lukens, Development Towards
High-Speed Integrated Circuits and SQUID Qubits with Nb/AlO,/Nb Josephson Junctions, IEEE
Trans. Appl. Supercond. 13, 103 (2003).

3. W. Chen, V. Patel, and J. E. Lukens, Fabrication of high-quality Josephson junctions for quantum
computation using a self-aligned process, Microelectronic Engineering 73-74, 767 (2004).

4.V. Patel, W. Chen, S. Pottorf, and J. E. Lukens, A fast turn-around process for fabrication of qubit
circuits, IEEE Trans. of Appl. Supercond. 15, 117 (2005).

5. L. Longobardi, V. Patel, S. Pottorf, and J. E. Lukens, Development & testing of a persistent flux bias for
qubits, IEEE Trans. on Appl. Supercond. 17, 88 (2007).

. D. A. Bennett, L. Longobardi, V. Patel, W. Chen and J. E. Lukens, rf-SQUID qubit readout using a fast
flux pulse, Supercond. Sci. Technol. 20, S445 (2007)

7. S.-X. Li, W. Qiu, S. Han, Y. F. Wei, X. B. Zhu, C. Z. Gu, S. P. Zhao, and H. B. Wang, Observation of
Macroscopic Quantum Tunneling in a Single Bi-2212 Surface Intrinsic Josephson Junction, Phys.
Rev. Lett, 99, 037002 (2007).

8. C.-P. Yang and S. Han, Local measurement for a set of n-qubit maximally entangled states in cavity
QED, Phys. Rev. A 75, 052315 (2007).

9. C.-Ping Yang and S. Han, Rotation gate for a three-level superconducting quantum interference device
qubit with resonant interaction, Phys. Rev. A 74, 044302 (2006).

(o)}

10. Z. Zhou, S.-I. Chu, and S. Han, A unified approach to realize universal quantum gates in a coupled
two-qubit system with fixed always-on coupling, Phys. Rev. B 73, 104521 (2006).

11. C.-P. Yang and S. Han, Realization of an n-qubit controlled-U gate with superconducting quantum
interference devices or atoms in cavity QED, Phys. Rev. A 73, 032317 (2006).

12. P. K. Gagnebin, S. R. Skinner, E. C. Behrman, J. E. Steck, Z. Zhou, and S. Han, Quantum gates
using a pulsed bias scheme, Phys. Rev. A 72, 042311 (2005).

13. C.-P. Yang and S. Han, An n-qubit controlled phase gate with superconducting quantum interference
devices coupled to a resonator, Phys. Rev. A, 72, 032311 (2005).

14. Z. Zhou, S.-l. Chu, and S. Han, Rapid optimization of working parameters of microwave-driven multi-
level qubits for minimal gate leakage, Phys. Rev. Lett. 95, 120501 (2005).

15. C.-P. Yang and S. Han, Extracting an arbitrary relative phase from a multiqubit two-component
entangled state, Phys. Rev. A, 72, 014306 (2005).

16. C.-P. Yang and S. Han, A scheme for the teleportation of multiqubit quantum information via the
control of many agents in a network, submitted to Phys. Lett. A, 343, 267 (2005).

17. J. Mannik, S. Li, W. Qiu, W. Chen, V. Patel, S. Han, and J. E. Lukens, Crossover from Kramers to
phase-diffusion switching in hysteretic DC-SQUIDs, Phys. Rev. B 71, 220509(R) (2005).

18. C.-P. Yang and S. Han, Generation of Greenberger-Horne-Zeilinger entangled states with three
SQUID qubits: a scheme with tolerance to non-uniform device parameters, Physica A 347, 253
(2005).

19. C.-P. Yang and S. Han, Preparation of Greenberger-Horne-Zeilinger entangled states with multiple
superconducting quantum interference device qubits/atoms in cavity QED, Phys. Rev. A 70, 062323
(2004).

20. C.-P. Yang, S.-I. Chu, and S. Han, Simplified realization of quantum phase gate with two four-level
qubits in cavity QED, Phys. Rev. A 70, 044303 (2004).

21.Z. Zhou, S.-l. Chu, and S. Han, Suppression of energy-relaxation-induced decoherence in A-type
three-level SQUID flux qubits: A dark-state approach, Phys. Rev. B 70, 094513 (2004).



22.

23.

24.

25.

26.

27,

28.

29.

30.

31.

32.

33.

34.

35,
36.
37.

38.

39.

40.

41.

42.

43.

44.

C.-P. Yang, S.-I. Chu, and S. Han, Efficient many party controlled teleportation of multiqubit quantum
information via entanglement, Phys. Rev. A 70, 022329 (2004).

C.-P. Yang, S.-I. Chu, and S. Han, An energy relaxation tolerant approach to quantum entanglement,
information transfer, and gates with superconducting-quantum-interference-device qubits in cavity
QED, J. Phys. Cond. Matt., 16, 1907 (2004).

C.-P. Yang, S.-l. Chu, and S. Han, A small error-correction code for protecting three-qubit quantum
information, JETP Lett. 79, 236 (2004).

Chui-Ping Yang and S. Han, Arbitrary single-qubit operations without energy relaxation in a three-
level SQUID qubit, Phys. Lett. A, 321, 273 (2004).

C.-P. Yang, S.-I. Chu, and S. Han, Quantum information transfer and entanglement with SQUID
qubits in cavity QED: A dark-state scheme with tolerance to non-uniform device parameters, Phys.
Rev. Lett. 92, 117902 (2004).

Y. Yu and S. Han, Resonant Activation over an Oscillating Barrier in Under-damped Josephson
Tunnel Junction, Phys. Rev. Lett. 91, 127003 (2003).

C.-P. Yang, S.-I. Chu, and S. Han, Possible realization of entanglement, logical gates, and quantum
information transfer with superconducting-quantum-interference-device qubits in cavity QED. Phys.
Rev. A .67, 042311 (2003).

C.-P. Yang, S.-I. Chu, and S. Han. A scheme for protecting one-qubit information against erasure
error. J. Opt. B 4, 256 (2002).

C.-P. Yang, S.-l. Chu, and S. Han. An error prevention scheme with two pairs of qubits. Phys. Rev. A
66, 034301 (2002).

Z. Zhou, S.-l. Chu, and S. Han. Quantum computing with superconducting device: A three-level
SQUID qubit. Phys. Rev. B 66, 054527 (2002).

S. Li, Y. Yy, Y. Zhang, W. Qiu, S. Han, and Z. Wang. Quantitative study of macroscopic quantum
tunneling in a dc SQUID - A system with two degrees of freedom. Phys. Rev. Lett. 89, 098301 (2002).

C.-P. Yang, S.-I. Chu, and S. Han. Error-prevention scheme for protecting three- qubit quantum
information. Phys. Lett. A 299, 31 (2002).

Y. Yu, S. Han, X. Chu, S.-I. Chu, and Z. Wang. Coherent temporal oscillations of macroscopic
quantum states in a Josephson junction. Science 296, 889 (2002).

D. V. Averin, Quantum nondemolition measurements of a qubit, Phys. Rev. Lett. 88, 207901 (2002).
K. Rabenstein and D.V. Averin, Decoherence in two coupled qubits, Turk. J. Phys. 27, 313 (2003).

D. V. Averin, Linear quantum measurements, in: Quantum Noise in Mesoscopic Physics, Ed. by Yu.V.
Nazarov (Kluwer, 2003), p. 229.

D. V. Averin and C. Bruder, Variable electrostatic transformer: Controllable coupling of two charge
qubits, Phys. Rev. Lett. 91, 057003 (2003).

D. V. Averin and R. Fazio, Active suppression of dephasing in Josephson-junction qubits, JETP
Letters 78, 664 (2003).

D. V. Averin, Continuous weak measurement of the macroscopic quantum coherent oscillations, in:
Exploring the quantum/classical frontier: recent advances in macroscopic quantum phenomena, Ed.
by J.R. Friedman and S. Han, (Nova Science Publishes, Hauppauge, NY, 2003), p. 447.

Yu. A. Pashkin, T. Yamamoto, O. Astafiev, Y. Nakamura, D. V. Averin, and J.S. Tsai, Quantum
oscillations in two coupled charge qubits, Nature 421, 823 (2003).

Yu. A. Pashkin, T. Tilma, D. V. Averin, O. Astafiev, T. Yamamoto, Y. Nakamura, F. Nori, and J.S.
Tsai, Entanglement of two coupled charge qubits, Int. J. Quant. Inf. 1, 421 (2003).

K. Rabenstein, V. A. Sverdlov, and D. V. Averin, Qubit decoherence by Gaussian low-frequency
noise, JETP Lett. 79, 646 (2004).

W. Mao, D. V. Averin, R. Ruskov, and A. N. Korotkov, Mesoscopic Quadratic Quantum
Measurements, Phys. Rev. Lett. 93, 056803 (2004).




45. W. Mao, D. V. Averin, F. Plastina, and R. Fazio, Continuous measurements of coherent quantum
oscillations in two qubits, Phys. Rev. B 71, 085320 (2005).

46. D. V. Averin and E. V. Sukhorukov, Counting Statistics and Detector Properties of Quantum Point
Contacts, Phys. Rev. Lett. 95, 126803 (2005).

47.D. V. Averin, K. Rabenstein, and V. K. Semenov, Rapid Ballistic Readout for Flux Qubits, Phys. Rev.
B 73, 094504 (2006).

48. A. M. Savin, J. P. Pekola, D. V. Averin, and V. K. Semenov, Thermal budget of superconducting
digital circuits at subkelvin temperatures, J. Appl. Phys. 99, 084501 (2006).

49. D. V. Averin, Mesoscopic quantum measurements, in: Quantum Computers, Algorithms, and Chaos,
ed. by G. Casati, D. L. Shepelyansky, and P. Zoller (I0S Press, Amsterdam, 2006), p. 359.

50. T. J. Walls, D. V. Averin, and K. K. Likharev, Josephson junction comparator as a quantum-limited
detector for flux qubit readout, IEEE Trans. Appl. Supercond. 17, 136 (2007).




C. PRESENTATIONS

J. Lukens’ group

S. Pottorf, Vijay Patel, and J. E. Lukens, Nb/AIOx/Nb Junction Quality Measurements for Flux Qubits,
presented at ASC 2006.

D. Bennett, V. Patel, L. Longobardi, W. Chen and J. E. Lukens, Low Back-action Readouts for Flux
Qubits, presented at ASC 2006.

Luigi Longobardi, Shawn Pottorf, Vijay Patel and James Lukens, Development and testing of persistent
flux bias for qubits, presented at ASC 2006.

Douglas Bennett, Luigi Longobardi, Vijay Patel, Wei Chen, Dmitri Averin, Antonio Di Lorenzo, Vladimir
Kuznetsov, Jaan Mannik, Shawn Pottorf, Kristina Rabenstein and James Lukens, Studies of decoherence
in a large area Nb flux qubit, presented at the APS March Meeting 2007.

Wei Chen, Douglas Bennett, Vijay Patel and James Lukens, Losses in Nb Thin Films used for Qubit
Fabrication, presented at the APS March Meeting 2007.

S. Pottorf, Vijay Patel, and J. E. Lukens, Low-frequency Critical Current Fluctuation Measurements in
Nb/AlOx/Nb Junctions, presented at the APS March Meeting 2007.

L. Longobardi, D. Bennett, V. Patel, W. Chen and J. E. Lukens, rf-SQUID Qubit Readout using a Fast
Flux Pulse, presented at ISEC 2007.

S. Pottorf, Vijay Patel, and J. E. Lukens, Low-frequency Critical Current Fluctuation Measurements in
Nb/AIOx/Nb Junctions, presented at ISEC 2007.

S. Han’s group
Coherent Temporal Oscillations in Josephson Junction, APS March Meeting, Austin, TX, March 3, 2003.

Solid State Quantum Computing using Josephson Effect Qubits, Nanoelectronics Conference, NYC, Nov.
19, 2002.

Coherent temporal oscillations in a Josephson junction, International MQC2 (Macroscopic Quantum
Coherence and Computing) Workshop, Naples, Italy, June 11, 2002.

Superconducting approach to quantum computing, Solid State Quantum Computing Workshop, Beijing,
China, Jan. 7, 2003

Observation of Rabi Oscillations in a Josephson Tunnel Junction, Quantum Computing Symposium, APS
March Meeting, Austin, TX, Mar. 3, 2003

Demonstration of Rabi Oscillations in a Josephson Tunnel Junction, Simons Conference on Quantum and
Reversible Computation, Stony Brook, NY, May 28, 2003

Energy relaxation time of rf SQUID flux qubits, Macroscopic Spintronics and Superconductivity Workshop,
NTT, Atsugi, Japan, March 4, 2004

T1 time of an rf SQUID flux qubit, Quantum Technologies Workshop, UBC, Vancouver, Canada, March
31, 2004

Superconducting Qubits for Scalable Quantum Computing — An Incomplete Review, Quantum Information
Science Workshop, Chinese Academy of Sciences, Beijing, China, July 14, 2004

International Workshop on Solid State Quantum Computing (IWSSQC), Nanjing, China, June 9 — 12,
2006.

The 6" Conference of Overseas Chinese Physicists, Taipei, Taiwan, June 27 — 30, 2006

Demonstration of superconducting Schrodinger’'s Cat in a Josephson junction, Physics and Astronomy,
Georgia Institute of Technology, Oct. 16, 2002.

Superconducting Schrodinger’'s Cat and its Application to Quantum Computing, Physics and Astronomy,
Univ. of Virginia, Oct. 18, 2002.




Schrodinger’s Cat, Quantum State Engineering and Solid State Quantum Computing using Josephson
Effect Devices, Physics and Astronomy, University of Kansas, Oct. 28, 2002

Quantum State Engineering and Quantum Computing with Superconducting Qubits, College of
Information Technology, Fusan University, Dec. 27, 2002

Superconducting Quantum Computation — the Past, Present, and Future, Research Institute of
Superconducting Electronics, Nanjing University, August 23, 2007

Quantum Computing with Superconducting Flux Qubits, Physics & Astronomy, UIUC, Urbana, IL, Oct. 22,
2003

Macroscopic Quantum Phenomena in Josephson devices, Institute of Superconducting Electronics,
Nanjing University, Nanjing, China, July 8, 2004

Superconducting qubits for Quantum Computing, Institute of Superconducting Electronics, Nanjing
University, Nanjing, China, July 9, 2004

Observation of MQT in a Current-biased Bi2Sr2CaCu,0g.; Surface Intrinsic Josephson Junction, D-Wave
Systems, Vancouver, Canada, June 15, 2007

MRT of two coupled flux qubits, D-Wave Systems, Vancouver, Canada, July 19, 2007

Rabi oscillation in Josephson tunnel junctions, Superconducting quantum computing workshop Virginia
Beach, VA, March 26, 2002.

Development of quantum computing using Josephson effect qubits, ARO QC annual program review,
Nashville, Tennessee, August, 21, 2002.

Efficiency of Underdamped dc SQUIDs as Single-Shot Readout Devices of Flux Qubit, Applied
Superconductivity Conference (ASC), Houston, TX, August, 2002.

Effects of Pulse Shape on rf SQUID Quantum Gates, ASC, Houston, TX, August, 2002.

Coherent Control of Macroscopic Quantum States In a Josephson Junction, ASC, Houston, TX, August,
2002.

Low-frequency excess noise in NbN Josephson tunnel junctions, ASC, Houston, TX, August, 2002.

D. Averin’s group

Theoretical analysis of Josephson-junction qubits, U.S. workshop on superconductor electronics, Lake
Arrowhead, October 2001.

Aharonov-Casher effect and quantum non-demolition measurements in Josephson-junction qubits, Int-I
workshop on nanoscale superconductivity and magnetism, Argonne, November 2001.

Quantum non-demolition measurements of a qubit, Int. Symp. on mesoscopic superconductivity and
spintronics, NTT Basic Research Laboratories, Atsugi, Japan, March 2002.

Error-correction in Josephson-junction qubits, 2" Int.\ workshop on solid-state quantum computation, IBM
Research Center, Yorktown Heights, April 2002.

Quantum computation with mesoscopic Josephson-junctions: qubits, gates, and error- correction in
Josephson-junction qubits, NATO Advanced Research Workshop on mesoscopic superconductivity
and magnetism, Leiden, The Netherlands, May 2002.

Error-correction in Josephson-junction qubits, Workshop on quantum computation, Toulouse University,
France, July 2002.

Quantum computing with mesoscopic Josephson junctions, Workshop on mesoscopic electronics,
Catania, Italy, October 2002.

Quantum non-demolition measurement of a qubit, ICTP Workshop Entanglement at the Nanoscale,
Trieste, Italy, November 2002.

Mesoscopic quantum measurements, BIRS Workshop Quantum Mechanics on the Large Scale, Banff,
Canada, April 2003.



Controlled coupling of charge qubits, Simons Conference on Quantum and Reversible Computation
Stony Brook, May 2003.

Quadratic measurements and suppression of dephasing in Josephson-junction qubits, International
Summer School on Quantum Computation at the Atomic Scale, Istanbul, Turkey, June 2003.

Counting statistics and the detector properties of the quantum point contact, NATO Advanced Research
Workshop, St. Petersburg, Russia, August 2003.

Mesoscopic quantum measurements, Workshop on Fundamentals on Solid-State Quantum Information
Processing, Leiden, The Netherlands, December 2003.

Decoherence in Josephson-junction qubits, Int. Conf. on Solid-State Quantum Information Processing,
Amsterdam, The Netherlands, December 2003.

Decoherence in Josephson-junction qubits, Int. Symp. Quantum Phenomena at Low Temperatures,
Lummi, Finland, January 2004,

Quantum non-demolition measurements of qubits, Rencontres de Moriond Quantum Information and
Decoherence in Nanosystems, Luthuli, Italy, January 2004.

Qubit decoherence by low-frequency noise, Int. Symp. on Mesoscopic Superconductivity and Spintronics,
NTT Basic Research Laboratories, Atsugi, Japan, March 2004.

Mesoscopic quantum measurements, Lectures at the Enrico Fermi summer school, Varna, Italy, July
2005.

Solid-state single-charge qubits, NATO Advanced Research Workshop Electron correlations in new
materials and nanosystems, Yalta, Ukraine, September 2005.

Tunneling without tunneling: wavefunction reduction in a mesoscopic qubit,
(a) Workshop on Non-equilibrium Phenomena in Strongly Correlated Quantum Systems, ITAMP,
Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachusetts, February 2006.
(b) International Symposium on Mesoscopic superconductivity and spintronics, NTT Basic Research
Laboratories, Atsugi, Japan, March 2006.

Single-particle qubits: Cooper-pairs, atoms, and FQHE quasiparticles, W.E. Heroes-Foundation Seminar
Qubits and Macroscopic Quantum Coherence: From Superconducting Devices to Ultra-cold Gases,
Bad Hone, Germany, May 2006.

Rapid Ballistic Readout for Flux Qubits, Int. Workshop Macroscopic quantum coherence and quantum
computing, Naples, Italy, July 2006.




